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Condensation of 2-hydrazino-3-phenyl-I,8-naphthyridine 4 with different isatins 5 gives 2-(3-
phenyl-I,8-naphthyridin-2-ylhydrazono)-2-indolinones 6, which on cyclization with POCl) under reflux
result in the formation of7-phenylindolo[2', 3': 5, 6][1,2,4]triazino[4,3-a][I,8]naphthyridines 7. The hy-
drazones 6 on treatment with mercaptoacetic acid in DMF in the presence of anhyd. ZnCl, afford 3'- (3-
phenyl-I, 8-naphthyridin-2-ylamino)spiro [3H-indole-3, 2' -thiazolidine]-2, 4' (lH)-diones 8. The
structures of the compounds 6-8 have been established on the basis of their elemental analyses and
spectral (lR, 'H NMR and mass) data and evaluated for their antibacterial activity.
The chemistry of I,S-naphthyridine derivatives
continues to draw the attention of synthetic organic
chemists due to their varied biological activities' .
Several of these derivatives are potent diuretic",
potential antibacterial':", antimalarials and useful
anti-inflammatory" agents. Various indole deriva-
tives show a wide range of biological properties 7-
10. If the indole ring is joined to other heterocyclic
systems through a spiro-carbon atom, the resulting
compounds show an increased spectrum of biologi-
cal activities. The 1,2,4-triazinell and 4-
thiazolidinone'2,'3 class of heterocycles are of cur-
rent interest due to their potential pharmaceutical
importance. Encouraged by these reports and in
continuatioa of our work on the synthesis of I,S-
naphthyridines 14-20, we report herein, the synthesis
of novel and hitherto unknown bridgehead nitrogen
heterocyclic system namely indolo[2',3':5,6]
[1,2,4]triazino[4,3-a] [1,S]naphthy- ridines and a
new spiro heterocyclic system, spiro[3H-indole-
3,2'-thiazolidine]-2,4' (lH)-diones linked to the
I,S-naphthyridine nucleus through an NH linkage.
Only a limited number of molecules where an NH
group is linked to twq heterocyclic moieties has
been described in literature21. The synthetic route is
outlined in Scheme I.
2-Amino-3-phenyl- I ,S-naphthyridine 1, obtain-
ed by the condensation of 2-aminonicotin-
aldehyde with phenylacetonitrile in boiling
methanol containing a few drops of piperidine.",
on treatment with HN02 gave 2-hydroxy-3-
phenyl-I,S-naphthyri-dine 222. Interaction of 2
with POCh followed by the hydrazinolysis with
refluxing hydrazine hydrate of the resultant 2-
chloro-3-phenyl-I,8-naphthyridine 3 furnished the
desired synthon, 2-hydrazino-3-phenyl-I,S-
naphthyridine 419• Condensation of 4 with differ-
ent isatins 5 in methanol containing a catalytic
amount of gJ. acetic acid afforded 2-(3-phenyl-l,
S-naphthyridin-2-ylhydrazono )-2-indolin-ones 6.
The structural assignments of these compounds
were based on their elemental analyses and spec-
tral data. The IR spectra of 6 exhibited absorption
bands around 3185 (NH), 1720 (C=O) and 1615
cm" (C=N). The 'H NMR spectrum of 6a in
DMSO-d6 displayed two slightly broad singlets at
8 11.0 and 13.2 due to indole NH and NH protons,
respectively. The protons at C-4, C-5, C-6 and C-
7 on naphthyridine framework resonated sepa-
rately as multiplets centred at 8 S.3, S.6, S.O and
9.1, respectively. Aromatic protons appeared as a
multiplet at 8 6.S-7.S. The mass spectrum of 6a
showed the molecular ion peak at mlz 365 (6%)
together with a base peak at m/z 206 (100%);
other prominent peaks appeared at m/z 337
(\3.5%), 220 (43), 219 (62.7), 205 (55), 178











1 R' = NH2
2 R' = OH








R = H, CH:3, OCH:3, CI, Sr
(lOA),. 147 (52), 119 (88), 92 (59.7), 91 (17.9)
and 64 (25).92
The hydrazones 6 on cyclization with POCh
furnished 7-phenylindolo[2',3': 5,6][1,2,4]triazino
[4,3-a] [1,8] naphthyridines 7 in moderate yields.
The absence of bands due to NH and Cs=O stretch-
ings in the IR sr.ectra of 7 suggested the cyclization
of 6 to 7. The H NMR spectrum of 7a in DMSO-
d6 showed multiplets centred at 8 8.2, 8.5, 7.9 and
8.9 assignable to C-8, C-9, C-I0 and C-ll protons,









nine protons appeared at 8 6.8-7.7. The structures
of 7 were further substantiated by their mass spec-
tra. Compound 7a in its mass spectrum exhibited
the molecular ion peak at m1z 347 (7.5%). The base
peak appeared at m1z 205 (100%) and the other
characteristic peaks appeared at m1z 320 (17.9%),
179 (5),171 (37), 144 (68.7), 142 (25), 128 (88),
102 (15) and 77 (43).
The cyclocondensation of 6 with mercapto-acetic
acid in refluxing DMF in the presence of a pinch of
anhyd. ZnCh afforded the desired 3' -(3-phenyl-l,
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8-naphthyridin-2-ylamino)- spiro[3H-indole-3,2'-
thiazolidine]-2,4'(1H)-diones S in good yields. The
structures of these compounds were in conformity
with their elemental analyses and spectral charac-
teristics. The IR spectra of S showed absorption
bands around 1735 (thiazolidinone C=O), 1690
(indole C=O), 2800 (CH2) and 3350 cm-I (NH) in-
dicating the transformation of 6 into a spiro system
S. The IH NMR spectrum of Sa in DMSO-d6
showed the presence of methylene protons by ex-
hibiting a singlet at 8 3.6. The proton of bridged
NH was found to resonate at 8 12.5 and the proton
of indole NH at 8 10.5. The protons at C-4, C-5, C-
6 and C-7 on naphthyridine framework were ob-
served separately as multiplets centered at 8 8.1,
8.8, 7.8 and 9.0, respectively. The remaining nine
aromatic protons appeared as a multiplet at 8 6.8-
7.6. The mass spectrum of Sa displayed the mo-
lecular ion peak at mJz 439 (15%) along with a
base peak at mJz 220 (100%). Other important
peaks were observed at mJz 397 (18.4%), 307 (12),
205 (45),179 (32.7),163 (25),132 (35.6),119
(14), 105 (28),91 (65) and 77 (22).
Antibacterial activity
All the componds reported in Table I were tested
for their antibacterial activity against the bacteria
Escherichia coli, pseudomonas aeruginosa, Bacil-
lus subtilis and Bacillus mycoides following the
filter paper disc technique" at 400 and 600 ug/disc
concentrations. Streptomycin was used as a stan-
dard drug for comparison. The results are given in
Table II. All the compounds were active against
both the gram-negative and gram-positive bacteria
at the concentration of 400 ug/disc. However, the
degree of inhibition varied both with the test com-
pound as well as with the bacterium. Compounds
6e, 7a, 7f, Sb and Sc exhibited high inhibition,
whereas 6c, 7b, 7c, Sa and Sf were moderately ac-
tive. Rest of the compounds displayed weak anti-
bacterial activity. From the screening results it was
observed that compounds 7 and S are more active
than their parent hydrazones 6.
Experimental Section
General. All melting points are uncorrected. Purity
of the compounds was checked by TLC. IR spectra
(KBr) were recorded on a Perkin-Elmer 337 spec-
trophotometer (vmax in cm"), IH NMR spectra on a
Varian Gemini 200 MHz spectrometer using TMS
as internal standard (chemical shifts in 8 , ppm) and
Table I - Physical data of compounds 6, 7 and 8
Compd R m.p. Yield Mol. formula Found (%) (Caled)
°c (%) (M+)
C H N
6a H 220 75 C22HISNsO 72.52 4.15 19.26
(365) (72.33 4.11 19.18)
6b 5-CHJ 242 84 C2JH17NsO 72.68 4.56 18.58
(72.82 4.49 18.47)
6c 7-CHJ 260 78 C2JH17NsO 72.65 4.57 18.56
(72.82 4.49 18.47)
6d 5-0CHJ 254 83 C2JH17Ns02 69.72 4.35 17.85
(69.87 4.30 17.72)
6e 5-CI 248 86 C22HI4NsO CI 66.26 3.66 17.65
(66.17 3.51 17.54)
6f 7-CI 235 82 C22HI4NsO CI 66.27 3.64 17.67
(66.17 3.51 17.54)
6g 5-Br 258 80 C22HI4NsO Br 59.60 3.18 15.85
(59.46 3.15 15.77)
7a H 265 55 C22H\JNs 76.16 3.84 20.26
(347) (76.08' 3.75 20.17)
7b l-CHJ 256 60 C2JHISNs 76.68 4.25 19.34
(76.45 4.16 19.39)
7c 3-CHJ 272 64 C2JHISNs 76.65 4.23 19.33
(76.45 4.16 19.39)
7d 3-0CHJ 268 56 C2JHISNsO 73.36 3.91 18.65
(73.21 3.98 18.57)
7e I-CI 280 (d) 62 C22HI2NSCI 69.36 3.26 18.46
(69.29 3.15 18.37)
-contd.
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Table I- Physical data of compounds 6, 7 and 8 (-contd.)
Compd R m.p. Yield Mol. formula Found (%) (Caled)
°c (%) (M')
C H N
7f 3-Cl 290 65 C22HI2NsCI 69.38 3.25 18.48
(69.29 3.15 18.37)
7g 3-Br 285 58 C22HI2NsBr 61.82 2.90 16.55
(61.97 2.82 16.43)
8. H 296 72 C24H17Ns02S 65.76 3.95 15.82
(439) (65.60 3.87 15.95)
Sb 5-CH3 264 76 C2sHI9Ns02S 66.37 4.12 15.54
(66.23 4.19 15.45)
Se 7-CH3 283 (d) 70 C2sHI9Ns02S 66.35 4.14 15.57
(66.23 4.19 15.45)
Sd 5-0CH3 273 75 CZSHI9Ns03S 63.83 4.15 14.81
(63.97 4.05 14.93)
Se 5-CI 285 (d) 78 C24HI6Ns02SCI 60.74 3.30 14.74
(60.89 3.38 14.80)
Sf 7-CI 258 (d) 74 C24HI6Ns02SCl 60.73 3.32 14.72
(60.89 3.38 14.80)
Sg 5-Br 278 73 C24HI6Ns02SBr 55.75 3.02 13.65
(55.60 3.09 13.51)
(d) = decompose










































































Inhibition zone (in mm) against
P.aeruginosa at B.subtilis at
400Ilg/ 600 Ilg/ 400 Ilg/ 600 ug/








































































































































from methanol to give 6 (Table I).mass spectra on a YO micrornass 7070 H instru-
ment at 70 eV. Compounds 5 were prepared by the
procedure described by Marvel and Heirs 24.
3-(3-phenyl-l,8-naphthyridin-2-ylhydrazono) -2-
indolinones 6: General procedure. A mixture of 4
(0.01 mole) and 5 (0.01 mole) was refluxed In
methanol (30 mL) in the presence of a catalytic
amount of gl. acetic acid for 3 hr and cooled. The
solid that separated was filtered and recrystallized
7-Phenyl-indolo[2'3' : 5,6] [1,2,4]triazino [4,3-a]
[1,8]naphthyridines 7 : General procedure. A
mixture of 6 (0.01 mole) and POCh (10 mL) was
refluxed in an oil-bath at 1300 for 5 hr. The reac-
tion mixture was cooled to room temperature,
poured onto crushed Ice and neutralized with
Na2CO). The solid thus obtained, was filtered,
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washed well with water and recrystallized from
methanol to affored 7 (Table I).
3' -(3-Phenyl-l, 8-naphthyridin-2-ylamino )spiro-
[3H-indole-3,2' -thiazolidine ]-2,4'(lH)-diones 8:
General procedure. An equimolar mixture of 6
(0.01 mole) and.mercaptoacetic acid (0.01 mole) in
DMF (25 mL) containing a pinch of anhyd. ZnCh
was refluxed for 5 hr, cooled and poured onto
crushed ice. The precipitate thus obtained was fil-
tered, washed with water and recrystallized from
DMF to furnish 8 (Table I).
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